Background: Systemic sclerosis (SSc) is a chronic disease with microvascular damage. Nailfold capillaroscopy is a non-invasive method used for evaluating capillaries in SSc. Its findings could be related to the internal organ involvement and SSc course. In this study, we aimed to determine the association of the capillaroscopic patterns of nailfold capillaries with the disease subtypes of SSc, disease duration, and clinical manifestations. Material and methods: Seventy patients with SSc (15 cases with diffuse cutaneous SSc [DcSSc] and 55 patients with limited SSc [LcSSc]) were studied. The patients were classified into early and intermediate/late DcSSc and LcSSc regarding their disease duration. The capillaroscopy findings were classified into normal, 'early', 'active' and 'late' scleroderma patterns, and 'non-specific' changes. The association of the nailfold capillaroscopy changes and their components with clinical manifestations was also studied. Results: We studied 15 DcSSc and 55 LcSSc patients. No association was found between the patterns of capillaroscopic changes and these subtypes. There were 8 early DcSSc, 7 intermediate/late DcSSc, 34 early LcSSc, and 21 intermediate/late LcSSc patients. In patients with LcSSc, the 'early' scleroderma pattern of capillaroscopy was associated with early disease based on duration. We found a direct association between some capillary components and some clinical findings. Also, some capillaroscopic components had an inverse association with some clinical manifestations. Conclusions: We found no association between the patterns of capillaroscopy and SSc subtypes; early scleroderma pattern of capillaroscopy was significantly associated with early LcSSc, compatible with the slower course of the disease in LcSSc. Subtle changes, capillary elongation, and capillary tortuosity had an inverse association with clinical manifestations and might be considered as good prognostic factors.
Introduction
Systemic sclerosis (SSc) is a chronic and often progressive connective tissue disease with unknown etiology. There are two subsets of the disease involving the skin: DcSSc (diffuse cutaneous SSc) is the rapidly progressive type; and limited cutaneous SSc (LcSSc), which is generally identified by Raynaud's phenomenon before other manifestations, progresses slowly [1] . The pathophysiology of the disease is ischemia and fibrosis due to loss of peripheral capillaries, lack of capillary repair, and new revascularization [2] .
Nailfold capillaroscopy is a non-invasive, cheap and useful method used to detect some connective tissue diseases, and it differentiates the primary Raynaud's phenomenon from the secondary one [3] . It can be used for early diagnosis of SSc and observation of development of microangiopathy in SSc [4] . In patients with scleroderma, the capillary changes usually include di-lated and giant capillaries, hemorrhages, disorganized vascular arrays, ramified/bushy capillaries, and capillary losses [3] . The overall changes are classified into 'early', 'active', and 'late' scleroderma patterns [5] . Nailfold capillaroscopy (NFC) is recommended as part of screening and monitoring the process of SSc [6] .
In this study, we aimed to study nailfold capillaries in patients with DcSSc and LcSSc. Both groups were divided into early and intermediate/late subgroups based on duration (< 3 and ≥ 3 years in DcSSc; < 5 and ≥ 5 years in LcSSc) [7, 8] . Additionally, the association of the clinical manifestations and skin score with the capillaroscopy patterns and components was studied.
Material and methods
This article was agreed by Bioethic Committee of Shiraz University of Medical Science. We studied all the patients with scleroderma referred to Hafez Hospital Scleroderma Clinic or those who were admitted in the Hafez Rheumatology Ward from 20th of April 2012 to 20th of April 2013. Seventy out of 73 patients fulfilled the 1980 American College of Rheumatology (ACR) criteria for systemic sclerosis and new (2013) ACR/EULAR SSc diagnostic criteria [9] . The patients should have had at least 6 evaluable nailfolds to be looked through for the microscopic procedure. In all patients, 8 nailfolds including all fingers of the hands except for the two thumbs were evaluated [10] . Patients with overlap syndrome, diabetes mellitus, and smokers were excluded from the study. Also, those with limitations in capillary evaluation such as very thick and ulcerated fingers in all fingers were excluded from the study.
After having a declaration of consent form signed by the patients, all clinical manifestations of the patients, any organ involvement, and any available para-clinical and laboratory data were recorded. Demographic information, disease specifications, skin score, clinical manifestations, physical examination findings including presence of pitting scars and finger-to-palm (FTP), VAS, para-clinical, and laboratory data were recorded by the rheumatologist in the screen forms. The SSc patients were assessed for sex, age, disease duration (date of first Raynaud's and non-Raynaud's symptoms), serological characteristics [(anti-Scl-70, anti-centromere antibodies (ACA) or antinuclear antibody (ANA)] and skin scoring according to the definition by LeRoy et al. [10] by MRSS (Modified Rodnan Skin Score) scoring, pulmonary involvement according to high resolution computed tomography scan (HRCT) at the first screening or after detecting low DLCO < 80% or low FEV 1 < 75% in the pulmonary function test (PFT), vascular involvement by cutaneous ulcerations, and pulmonary artery hypertension (PAH) by echocardiography in all scleroderma patients as a basic evaluation of the clinic.
According to the cross-sectional disease duration, skin score, and skin involvement extent, the patients were divided into 4 subtypes/subgroups as early diffuse cutaneous SSc (DcSSc) (< 3 years) and intermediate/late (> 3 years) DcSSc and early limited cutaneous SSc (LcSSc) (< 5 years) and intermediate/late LcSSc (> 5 years) [7, 8] .
Nailfold capillaroscopy was done by the rheumatologist involved in the study using the Hafez Hospital stereomicroscope Euromex ST. 1740, made in Holland, at × 250 power and the video camera Cmex D.C.5000 (5 megapixels). Immersion oil was applied on the nailfold bed to improve the resolution. Eight fingers of the two hands excluding the thumbs were assessed. Fingers with thick nailfolds and ulcerated ones were not studied. We also took at least one image of the middle of the nailfold per finger. The data including distribution (disturbed or normal), shape of capillaries (normal hairpin, subtle change including tortuosity and crossing, anomalies including meandering, ectasia, ramification/bushy/ arborization/branching (neoangiogenesis) and bizarre, the largest diameter of arterial or venous side [dilated loops were defined as irregular or homogeneous increase of capillary diameter ≥ 20 and < 50 μm and giant capillaries (a capillary with a homogeneously enlarged loop with a diameter ≥ 50 μm)], capillary length (normal or elongated: ≥ 300 μm), mean capillary density (capillary loss was defined as reduction of the normal number of capillaries below 7 per linear millimeter), avascular area (intercapillary distance > 500 μm): present or absent, microhemorrhages (presence of one or more dark red masses characterized by hemosiderin deposits due to capillary injury or thrombosis): present or absent and neoangiogenesis or ramified capillaries (branching, bushy, interconnected capillaries, originating from a single capillary): present or absent were recorded in a form. The whole findings were defined as normal; specific changes for 'early', 'active', and 'late' scleroderma pattern; or 'non-specific' changes. 'Early' scleroderma pattern was defined as few enlarged/giant capillaries, few capillary hemorrhages, relatively well-preserved capillary distribution, no evident loss of capillaries, 'active' as frequent giant capillaries, frequent capillary hemorrhages, moderate loss of capillaries, mild disorganization of the capillary architecture and absent or mild ramified capillaries and 'late' as irregular enlargement of the capillaries, few or absent giant capillaries and hemorrhages, severe loss of capillaries with extensive avascular areas, disorganization of the normal capillary array, and ramified/bushy capillaries [5] . The 'non-specific' changes were divided into minor and major changes. Presence of subtle capillary changes including tortuosity, crossing, and mixed patterns was also recorded. The overall capillaroscopic patterns were defined as normal (6-8 capillaries/mm, capillary length between 200-500 μm, hair pin shaped loops arranged in parallel rows, absence of hemorrhages), minor abnormalities (6-8 capillaries/mm, less than 50% tortuous loops, arranged in parallel rows, with no hemorrhages), major abnormalities (normal or decreased capillary density, more than 50% tortuous, enlarged loops, disarranged, with hemorrhages), and typical scleroderma patterns (decreased number of capillaries, tortuous, branched, bushy, enlarged, giant, disarranged, with hemorrhages). Minor and major changes without a specific scleroderma pattern were defined as 'non-specific' changes [11] . Finally, the relationship between the disease subtypes and scleroderma patterns was studied.
The data were analyzed using the chi-squared test in SPSS 20 for Windows software. Results of quantitative data are shown as mean ± standard deviation. A p-value < 0.05 was considered statistically significant.
Results
Among all 73 primary cases, 3 patients did not fulfill the inclusion criteria and 70 patients were enrolled in the study.
The demographic data, disease specifications, and disease subgroups' frequency and means are presented in Table I .
Capillaroscopy patterns and their components are shown in Table II . Two cases with 'non-specific' pattern of capillaroscopy were detected in the LcSSc group in which one had major capillaroscopic changes and the other minor ones.
Skin score and clinical manifestations' frequency and means are presented in Table III . The association between the SSc subtype/subgroups with scleroderma patterns of capillaroscopy was evaluated. There was no association between the SSc subtypes (DcSSc and LcSSc) and scleroderma patterns of capillaroscopy.
In dividing each of the DcSSc and LcSSc disease subtypes into early and intermediate/late subdivisions, early LcSSc was associated with 'early' capillaroscopy scleroderma pattern in contrast to the 3 other subgroups. The data are shown in Table IV .
The associations of the skin score, clinical manifestations, and para-clinical data with scleroderma patterns of capillaroscopy in different SSc subtypes (DcSSc and LcSSc) and subgroups (early and late SSc) were evaluated and the positive findings are presented in Table V .
In analysis of the associations of the skin score, clinical manifestation, VAS, para-clinical data, and laboratory tests with scleroderma patterns of capillaroscopy in different SSc subtypes (DcSSc and LcSSc) and subgroups (early and late SSc) 'late' and 'active' scleroderma pattern of capillaroscopy were more prevalent in patients with skin telangiectasia (in all patients, early SSc, and LcSSc subtypes/subgroups), pitting scars (in all patients and LcSSc subtype), and pulmonary rales (in all patients) compared to those with 'early' scleroderma pattern. Skin score was not significantly associated with the scleroderma patterns of capillaroscopy. FEV 1 < 70% had no significant association with the scleroderma patterns of capillaroscopy when studied in all patients, but when analyzed in the SSc subgroups/ subtypes (Early SSc& Late SSc subgroups and LcSSc and DcSSc subtypes) separately, it was significantly more frequent in patients with 'late' scleroderma pattern of capillaroscopy than 'active' and 'early' scleroderma patterns sequentially only in the early SSc subgroup and LcSSc subtype. However, such an association was found neither in the late SSc subgroup nor in the DcSSc subtype.
Limitation of the finger-to-palm (FTP) range of motion of each finger, when studied in all patients, was significantly associated with 'late' scleroderma pattern of capillaroscopy.
Skin score, clinical manifestation, VAS, paraclinical, and laboratory data were again analyzed in association with the scleroderma patterns of capillaroscopy in the 4 different SSc subtypes/subgroups.
Some of the capillary changes had direct associations with clinical and para-clinical findings. For example, 
RP -Raynaud's phenomenon; SD -standard deviation
presence of neoangiogenesis (p = 0.000), reduced capillary density (p = 0.002), avascular area (p = 0.040), and hemorrhages (p = 0.014) in nailfold capillaroscopy were directly associated with the presence of limitation of FTP range of motion of the fingers. Presence of neoangiogenesis (p = 0.003) was directly associated with pitting scars, too. Presence of avascular area (p = 0.049) had a direct association with gastrointestinal (GI) problems including any of the followings: dysphagia, heart burn, difficulty swallowing, the feeling of being full, vomiting, diarrhea, and constipation. Also, the presence of giant loops (p = 0.033) was directly associated with dysphagia. Abnormal blood flow detection in capillaroscopy (p = 0.003) was also directly associated with positive CRP, when they were studied in all patients. Similar results were found in the early and late SSc separately. Presence of neoangiogenesis (p = 0.000) was directly associated with limitation of FTP range of motion of the fingers when studied in early SSc. Abnormal blood flow (p = 0.010) revealed a direct relationship with high skin score > 15. Abnormal blood flow (p = 0.037), neoangiogenesis (p=0.046), and reduced capillary density (p = 0.026) were directly related to limitation of FTP range of motion of fingers, too. Abnormal blood flow was also directly associated with higher means of the skin score (p = 0.040) and higher means of VAS of Raynaud's phenomenon (p = 0.022), all when studied in late SSc.
Some capillary changes had an inverse association with some clinical findings, such as presence of subtle changes, which had an inverse association with GI problems (p = 0.039) and limitation of FTP range of motion of fingers (p = 0.012). Capillary elongation had an inverse association with pitting scars (p = 0.001), too. Also, presence of capillary tortuosity showed an inverse association with peripheral vascular problems (p = 0.007) (Fig. 1) . 
Discussion
This study was designed to evaluate different patterns of capillaries by nailfold capillaroscopy in patients with DcSSc and LcSSc. No significant association was found when we studied them combined with the disease duration dividing the patients into early and intermediate/late. The only significant finding was the association of 'early' scleroderma pattern of capillaroscopy with early LcSSc (< 5 years).
This study revealed that 68 (97.1%) patients with scleroderma had scleroderma pattern of capillaroscopy and 2 (2.9%) cases had 'non-specific' changes. Scleroderma patterns of capillaroscopy were not statistically different between patients with DcSSc and LcSSc. In the Ingegnoli et al. [6] study, 2378 (86.35%) patients had scleroderma patterns of capillaroscopy and 376 (13.65%) did not. They found 'early' and 'active' scleroderma patterns more prevalent in LcSSc in contrast to DcSSc. Cu- tolo et al. [12] found that 'early' and 'active' scleroderma patterns were associated with LcSSc and 'late' scleroderma pattern with DcSSc. We studied the association of the scleroderma patterns of capillaroscopy with 4 disease subtypes/subgroups based on duration and found that they varied among them. As seen in Table 5 , the 'early' scleroderma pattern was significantly more prevalent in early LcSSc than other SSc subtypes/subgroups. This may represent the slow pattern of progression of manifestations of LcSSc. The 'early' scleroderma pattern was also more prevalent statistically in early SSc in contrast to the 'late' scleroderma pattern which was more prevalent in intermediate/late SSc. In this regard, Lambova et al. [7] found the 'early' scleroderma pattern more prevalent in the early phase of SSc (<3 years) and the 'late' pattern more prevalent in the late phase of SSc (>3 years).
Among 55 patients with LcSSc who were divided into early and intermediate/late subgroups, the 'early' scleroderma pattern of capillaroscopy was more prevalent in early LcSSc in contrast to the 'late' scleroderma pattern, which was more prevalent in intermediate/late LcSSc. This difference was not observed in the patients with early DcSSc compared to those with intermediate/ late DcSSc (n = 15) (Table V) (i.e. in early years of DcSSc, we can see all scleroderma patterns of capillaroscopy). This result can show the rapid progression of diffuse scleroderma.
Regarding the demographic information, we did not detect any significant association with the scleroderma patterns of capillaroscopy, but Cutolo et al. [12] found higher age, disease duration, and Raynaud's phenomenon duration in 'late' scleroderma pattern compared to 'active' and 'early' patterns. However, the mean SSc duration was not significantly different between different scleroderma patterns according to Ingegnoli et al. [6] , as in the present study.
In studying the association of the capillaroscopy patterns of scleroderma ('early', 'active', and 'late' patterns) with the clinical manifestations and paraclinical/laboratory findings, we found that the skin score was not significantly associated with the scleroderma patterns of capillaroscopy. In our study, digital ulcer was not associated with the scleroderma patterns of capillaroscopy. Ingegnoli et al. [6] found digital ulcer more prevalent in the 'late' scleroderma pattern than 'active' and 'early' patterns. In contrast, Lambova et al. [7] found it more prevalent in those with the 'active' scleroderma pattern of capillaroscopy.
FEV1<70% had no significant association with the scleroderma patterns when studied in all patients. The patients in our study did not have any renal crisis, so we did not evaluate it in this study. However, in the Ingegnoli et al. [6] study there was no significant association between the scleroderma patterns and renal crisis.
In our study, pulmonary fibrosis and pulmonary artery hypertension were not associated with the scleroderma patterns of capillaroscopy, but Ingegnoli et al. [6] found it more prevalent in the 'late' scleroderma pattern than 'active' and 'early' patterns. It should be mentioned that we had a few [3 (4.3%) of all] patients with PAH, so we could not compare it with previous studies, and there is a need for more patients to be evaluated in our study center.
Limitation of FTP range of motion of fingers, in all patients, was significantly associated with 'late' scleroderma pattern of capillaroscopy, which was consistent with the Ingegnoli et al. study [6] .
We found no association of anti-Scl 70 antibodies (n = 26) or anti-centromere (n = 3) antibodies with scleroderma patterns. However, anti-Scl 70 antibodies was significantly more prevalent in those with the 'late' scleroderma pattern of capillaroscopy than 'active' and 'early' ones in the Ingegnoli et al. study [6] . Cutolo et al. [12] found anti-Scl 70 antibodies significantly more prevalent in those with 'late' and 'active' scleroderma patterns of capillaroscopy than the 'early' one, too. Anti-centromere was significantly more prevalent in 'early' and 'active' scleroderma patterns of capillaroscopy than the 'late' one in the Ingegnoli et al. study [6] . Our results might be due to the low number of patients studied for these tests.
Subtle change had an inverse association with both GI problem and limitation of FTP range of motion of fingers. Also, capillary tortuosity had an inverse association with peripheral vascular problem. Neoangiogenesis had a direct association with pitting scars and limitation of FTP range of motion of fingers. Presence of giant loops had a direct association with dysphagia. Avascular area also had a direct association with GI problem and limitation of FTP range of motion of fingers. Presence of micro-hemorrhages was associated with limitation of FTP range of motion of fingers. Presence of elongated capillaries had an inverse association with pitting scars.
Compared to the literature, we found that presence of capillary elongation was inversely associated with pitting scars. Cutolo et al. [13] reported that capillary elongation was the most prevalent capillary finding (80%) in rheumatoid arthritis, but presumably it has not been evaluated for its association with the SSc clinical findings yet.
None of the capillary components was associated with PAH and HRCT involvement in SSc patients in our study. Sato et al. [14] found no association between the number of capillary loops, number of giant capillary loops, and vascular deletion score with PAH and interstitial lung fibrosis, either. However, Hofstee et al. [15] found it lower in SSc patients with PAH than those without it. On the other hand, Riccieri et al. [16] found that the presence of avascular area was associated with PAH in SSc patients compared to those without it. Also, Ong et al. [17] stated that reduced capillary density was associated with PAH and there might be a pathogenic and etiologic relationship between them.
Regarding the HRCT involvement, Bredemeier et al. [18] found that higher avascular area score was associated with ground glass opacities in SSc (giving higher scores to more severe avascular areas), which we could not corroborate.
The capillary dilatation was not significantly different between those with PAH and without it both in our study and that of Hofstee et al. [15] . So, we had similar results in this regard.
Regarding capillary density, though, we could not find any significant relationship between lower capillary density and limitation of FTP range of motion of fingers, when analyzed in all patients.
Although capillary anomalies were not associated with any clinical finding, neoangiogenesis (a subdivision of capillary anomalies) was associated with pitting scars. In contrast, Sato et al. [14] found a lower number of capillary loops in SSc patients with finger pad lesion. Moreover, we found giant loops more prevalent in those with dysphagia, which might be a similar result to those of Sato's et al. in that they found a higher number of giant loops associated with esophageal dysmotility [14] . Also, we found avascular area to be associated with GI problems, for which there are no similar studies in the literature for comparison. In our study, we did not use scores for capillaroscopy findings, so we did not have any data about the association of severity of clinical findings and capillaroscopy scoring.
Abnormal blood flow in our study was associated with a higher skin score (>15) with a mean skin score of 22.2 only when analyzed in the late SSc subgroup, but not when we analyzed all patients and other SSc subtypes/subgroups.
Regarding the laboratory data, abnormal blood flow was found to be associated with higher CRP in the present study. No similar results were found in the literature. However, Sato et al. [14] found a higher vascular deletion score associated with Anti-Scl 70.
Neoangiogenesis, reduced capillary density, avascular area, and hemorrhage had a direct association with limitation of FTP range of motion of fingers. Neoangiogenesis was directly associated with pitting scars, too. Also, avascular area had a direct association with GI problems, and giant loops had a direct association with dysphagia. Abnormal blood flow showed a direct relationship with positive CRP when studied in all patients. So, these capillaroscopic findings are probably associated with greater disease severity and progression.
An important point inferred from this study was that some capillary changes had an inverse association with some clinical findings when studied in all patients.
For example, subtle change was inversely associated with limitation of FTP range of motion of fingers and GI problem. Capillary elongation was inversely associated with pitting scars, and capillary tortuosity was inversely associated with peripheral vascular problems (including Raynaud's phenomenon requiring vasodilators, pitting scars, digital tip ulceration, and digital gangrene) when we analyzed all patients. These findings might be considered as good prognostic factors when detected in capillaroscopy studies.
An advantage of this study is that only one rheumatologist studied the capillaries compared to multicenter studies. Also, the consideration of both SSc subtypes (DcSSc and LcSSc) and cross-sectional disease duration mentioned as subgroups (early and late SSc) simultaneously was another advantage. The limitations were the lower number of patients with diffuse scleroderma and the very low number of patients with pulmonary hypertension. It was found in previous studies that progression from the 'early' scleroderma pattern of capillaroscopy to 'active' and 'late' patterns can correlate with internal organ involvement in patients with scleroderma [19] ; however, in our study we did not follow the capillaroscopy patterns and association of their changes with clinical manifestations, and this could be the goal of future studies.
Conclusions
We found no association between the patterns of capillaroscopy with SSc subtypes (DcSSc and LcSSc), but a significant association was revealed when they were studied in the SSc subtypes based on the duration of disease. We detected the 'early' scleroderma pattern to be more prevalent in early LcSSc, but not in early DcSSc, which could be compatible with slower course of the disease in them. Moreover, we found a direct association between some capillary components with more severe clinical findings. These capillary components were neoangiogenesis, reduced capillary density, avascular area, hemorrhage, avascular area, giant loops, and abnormal blood flow. Subtle change, capillary elongation, and capillary tortuosity had an inverse association with some clinical manifestations; they might be considered as good prognostic factors. The authors declare no conflict of interest.
